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Bangor study area & location of sampled wells
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Schematic Hydrogeologic Section of Bangor Area
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Modern/Pre-Modern Classification of Ground Water 
based on concentration of environmental tracers



General pattern of ground water residence times 
(GWRT) in hydrogeologic units near SUBASE Bangor

(Mostly)

GWRT in Qva entirely modern

Mixed ages in QC1pi

Predominantly pre-modern in deeper aquifers, although   
10-20 % have some modern water

For Pre-mod GW, estimate GWRT w/ 14C using NETPATH



Consideration in using the Carbon-14 approach 
to estimating GWRT

. Hydrologic flowpath
• 14C Apparent age: T = -5,730/ln2 * ln{14Cmeas/14Crech}
• 14Cmeas Measured C-14 Activity of DIC will include all 

sources DIC carbon.
• Estimate of initial activity of (14Crech) 
• Influence of fine grain aquitards



Stable Isotopes in Ground Water from the Bangor Area and in 
Precipitaion from Victoria, BC 
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Geochemical trends observed between GW 
recharge and discharge areas

• Decreasing conc. DO, NO3, SO4, ORP, Cl
• Increasing conc. TDS, HCO3, Fe, DOC, Ca, CH4, NH3-
OrgN
• 14C concentrations decreasing
• Enriched δ13C



Common ions in modern and pre-modern GW
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Initial look at Carbon Isotopes Data

0

20

40

60

80

100

120

140

-25 -20 -15 -10 -5
Delta 13C

Ca
rb

on
-1

4 
(p

m
c)

Modern GW Mixed age GW Pre-modern GW



Influence of Methanogenesis on Carbon-13

Methane and Delta 13C in DIC from GW near Bangor, 
WA
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Conceptual Model used in 
geochemcial mass-balance modeling

• Reactions: Oxidation of CH2O & methanogenesis, 
with silicate mineral diss & Ppt of geothite, smectite & 
pyrite 

• Phases included: Organic matter (CH2O),geothite,, 
CH4g, pyrite,calcite,chlorite, augite, smectite, mafic-
mont, Ca/Na exchange, and gypsum

• Constraints: Redox, C, Ca, Na, Fe, S, Si
• NETPATH --Inverse geochemical model
• 13C Isotopic data used to check model plausibility
• WATEQF speciation code check of mineral SI



Mass-transfers modeled by NETPATH
Methanogenic Non-Methanogenic

8j2 1b2 6d4 8q3 32l5 36r3 32l4
Phase/Unit QC1pi QA1 QA1 pi QA1 QA1 QA2

CH2O 1.52 0.816 1.49 3.76 0.129 0.197 0.135
Ch4 gas -0.663 -0.282 -0.213 (-2.75) -- -- --

Pyrite -0.012 -0.021 -0.21 -0.017 -0.009 -0.016 -0.006
Calcite -- -- -- -- 0.123
Chlorite 0.88 2.24 0.032 0.047
Augite 0.958 0.819 0.327 2.45 0.462 0.199 0.351

smectite -0.429 -0.434 -- -3.03 -0.255 -0.129 -0.208
Ca/Na exchange 0.019 0.063 0.074 0.226 0.022 0.009 0.009

geothite -0.168 -0.059 -5.06 -0.129 0.02 -0.092
Mont-mafic -- -- -1.29 -- -- -- --

so4, gyp -- -- 0.384 -- -- -- --
Comparison of C-13 observed in samples and C-13 calculated from mass-balance modelin

δ
13C ‰ observed -10.5 -13.8 -18.7 -6.8 -20.7 -20.7 -20.3
δ

13C ‰ modeled -10.1 -15.2 -18.7 -4.5 -21.3 -19.8 -21.4
C-13 Diff 0.4 1.4 0 2.3 0.6 0.9 1.1



GWRTs generated from NETPATH 
modeling using a range of 14C activities

C14  aq. C14 Activity of Recharge Area
Org C 92pmc 85pmc 80pmc

9N2 15 pmc 4500 4000 3600
QC1pi 10 pmc 4000 3500 3000

2 pmc 3200 2600 2100
1B2 15 pmc 4400 4000 3500
QA1 10 pmc 4300 3700 3200

2 pmc 3900 3300 2800
32L4 15 pmc 1500 870 370
QA2 10 pmc 1500 860 350

2 pmc 1400 780 250
22Q4 15 pmc -980 -1600 -2000
QC1pi 10 pmc -1200 -1800 -2300

2 pmc -1500 -2100 -2600



Distribution of model ground water ages in schematic 
section of Bangor area



Summary
• GWRT: Qva-mod, QC1pi-mixed, QA1 Pre-mod
• 10-20 % of deeper GW mixed (>depleted δ)
• Large increase in carbon along flow path, although 

largest conc not always near end of flow path
• DOC ***Methanogenesis occurs were OC is 

sufficient and influences 14C estimates of GWRT 
• 14C estimates of GWRT   <4600 yrs
• Apparent ages typically twice model age
• Model ages larger than particle-track ages



Bangor age-dating report available soon on line
at:://water.usgs.gov/pubs/wri/wri034058/

USGS Water Science Center in Washington:
http://wa.water.usgs.gov


